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Abstract 
A detail energetic analysis of LiBr-H20 absorption refrigeration system of 140 kW cooling capacity is investigated 
in the present study. The effect of exit temperatures of main components on heat load, circulation ratio, pump work, 
COP, COP rev and ηex are analyzed at different operating conditions. The result shows the heat load on generator 
and absorber increases with rise of generator and condenser exit temperature and it reduces when both evaporator 
and generator exit temperature are simultaneously increased. COP value is found high at lower condenser exit 
temperature and the average value of COP reduces by 8.1 % when condenser temperature is increased along with 
generator exit temperature. As condenser exit temperature increases, the COPrev linearly decreases with it which 
results in hike of ηex by 38%. COP increases linearly with rise of evaporator and generator exit temperature but     
ηex keeps on decreasing with it. It was also found in the study that as the condenser and generator exit temperature 
increases, COP starts decreasing gradually but ηex first increases linearly with increase in the condenser exit 
temperature and then it starts to fall at the higher condenser exit temperature  
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1. Introduction 
In the field of HVAC engineering, electricity has been utilized to energize the air-conditioning and refrigeration 
systems since last decades.  Normally one-third to half of the annual total electricity consumption is used for        
air-conditioning and refrigeration in the metropolis worldwide as reported by K.F.Fong & T.T.Chow et.al. [1].          
the most commercially developed solar cooling technology is the absorption systems, it suggested by Hans Martine 
[2]. In an absorption cycle, a refrigerant and an absorbent are a pair of substances that work together. NH3-H20 and 
LiBr-H20 are the most common working pairs in refrigeration and air conditioning absorption refrigeration system. 
Although the NH3-H20 cycle is an older technology, it still remains essentially applied to large scale process plants, 
and LiBr-H20 absorption cycle concentrates most of the current research. Several authors have investigated 
properties of LiBr-H20 solution used in absorption refrigeration system. H.T. Chua [3]. evaluated thermodynamics 
properties with the temperatures span from 0 to 1900C, and the concentrations from 0 to 75 wt% using most of the 
experimental data available in the different literature. Y.Kaita [4] developed set of equations the enthalpy and 
entropy for the wide range of concentrations 40-65% and also form temperature range 40 to 2100C. He agreed that 
his results are consistent with Feuerecker’s results and different with Mcneely. D.S. Kim et al. [5] were determined 
osmotic coefficients and mean ionic activity coefficient. They have calculated LiBr-H20 solution properties on based 
the osmotic coefficients equation for temperature range 0 to 2100C and concentration range 0 to 70 wt% with a 
Gibbs energy equation. M.M.Talbi et.al [6] predicated the performance of LiBr-H20 absorption system and 
concluded second law analysis can be used to identify the less efficient components of the system. G.A. Florides et 
al [7] evaluated the characteristics and performance of a single stage LiBr-H20 absorption machine. They suggested 
the temperature at the exits of the absorber has to be maintained at a lower level when the absorber exit LiBr 
percentage ratio is lower. Muhsin Kilic et.al.[8] developed model on basic of thermodynamics law and conclude the 
highest exergy loss occurs in the generator and suggested the generator is the most important component of the 
cycle. Sencan A.et al.[9] evaluated exergy analysis of lithium bromide/water absorption system for cooling and 
heating applications and concluded that the condenser and evaporator heat loads and exergy losses are less than 
those of the generator and absorber. This is due to the heat of mixing in the solution. J.Aman et al [10] developed 
thermodynamic model of 10 kW air cooled ammonia-water absorption chiller driven by solar thermal energy. They 
found that absorber is the most exergy loss occurs followed by generator and condenser. Omer kaynakil and 
Muhsinkilic [11]. reported the solution heat exchanger more efficient component compare the refrigerant heat 
exchanger for given better performance of absorption system.  
2. System description 
The single stage LiBr-H20 vapour absorption system provides chilled water for cooling applications and could be 
activated using available heat from different sources. 
 
 
 
 
 
 
                                       
Fig. 1.(a) Schematic diagram of LiBr-H20 absorption refrigeration system                 Fig. 1.(b) Experimental setup of LiBr-H20 VAM  
 
490   Haresh A. Patel et al. /  Procedia Technology  23 ( 2016 )  488 – 495 
The basic components are the absorber, condenser, generator and evaporator, solution heat exchanger, refrigerant 
expansion valve solution expansion valve and solution pump shown in Fig. 1. When the refrigerant in vapour state 
comes from the evaporator it is absorbed in a liquid, which forms a weak solution. The liquid is pumped to a higher 
pressure, where the refrigerant is separated from the solution by the addition of heat and then the refrigerant         
is directed to the condenser. Finally, the liquid containing fewer refrigerants is send back to the absorber.         
The cooling medium is providing for absorber and condenser with parallel and series flow arrangement depending 
on previous literature study. 
3. Energetic analysis of vapour absorption refrigeration system 
The thermodynamic mass and energy conservation equation have been applied to each component of system are 
expressed as follows. 
For the generator component mass balance 
           -------- (1) 
 
           -------- (2) 
The flow rate of the strong and weak solution 
                        ---------(3) 
 
The circulation ratio CR defined as the ratio of mass flow rate of strong solution return from generator to absorber to 
mass flow rate of saturated refrigerant leaving at generator. 
 
                                                                  -------(4)
  
The heat load of vapour absorption refrigeration system per unit of refrigerant mass are represented at each 
component as per follows 
                                     --------  (5) 
                                                                                                                                                              --------- (6) 
                                                                                                                                                             ---------- (7) 
                                                                                                                                                             ---------- (8) 
 
The system performance is represented in term of COP and COPrev as per follows 
 
                                     --------- (9) 
 
                      ---------- (10) 
 
Non dimensional efficiency ratio defined as the ratio of coefficient of performance to maximum reversible 
coefficient of VAR system. 
 
                     -------   (11) 
 
The sequence of the solution proceed is briefly reported with considering the selection of input parameter such as 
temperature at exit of generator T7, Temperature at exit of condenser T8, Temperature at the exit of evaporator T10, 
Temperature at exit of absorber T4, Cooling capacity QEVP and by assuming following assumption which are 
reported by previous authors in their studies are as follows 
x Steady state operation,  
x Heat exchange between the system and surroundings, other than the prescribed by heat transfer at the generator, 
condenser, and absorber does not occur, 
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x  Heat source is low grade steam generated through solar collector, 
x  LiBr solutions in the generator and the absorber are in equilibrium at their respective temperatures and pressures, 
x Refrigerant at the condenser and evaporator exits is in a saturated vapour state, 
x  Strong solution of refrigerant leaving the absorber and the weak solution of refrigerant leaving the generator are 
saturated, 
x  Pressure losses in all the heat exchangers and the pipelines are neglected.  
 
A large number of diversity assumption have been reported by different previous authors for temperature of 
saturated vapour refrigerant(T7) and temperature of strong solution in term of LiBr concentration (T1) leaves the 
generator. G.A.Florides [7] have been reported T7=T1, and D.L.Hong et al.[12] Was used T7=T1-5
0C. In the present 
study we have selected the temperature of saturated vapour refrigerant is equal to strong solution coming from 
generator with temperature of saturated liquid refrigerant coming out from condenser higher than atmospheric 
temperature. 
For investigation of single stage vapour absorption system, the properties of water/ steam are obtained from 
equation provided by ASHRAE. The properties of LiBr-H20 solution is generated on bases of Gibbes energy 
equation using MATLAB software. The enthalpy and entropy properties are verified with results available in 
previous author’s data. The maximum deviation in enthalpy and entropies values are found 1% and 2 % at system 
stand higher temperature with higher concentration. The model validation of single stage vapour absorption system 
procedure has been performed using the theoretical and experiment data available by G.A.Florides et al [7].          
and J.Wonchala et al [12]. and is reported in Table 1. 
 
              Table. 1. First law of thermodynamics validation with references. 
 
The solution procedure explain in above section is applied for thermodynamics investigate of  single stage LiBr-H20 
absorption refrigeration system with 140 kW capacity, which operated through low thermal energy is supplied by 
evacuated tube collector and reported in Table 2.  The condenser and evaporator are operated 22.10% lower than the 
generator and absorber heat load. The present case 140 kW cooling capacity is generated by system with comparable 
COP = 0.7491, COP_rev = 1.2003, Nex = 62.42% and Wpump = 1.6 kW. The COP of vapour absorption system is 
lower than vapour compression system, which operated high grade electrical energy so that more design 
improvement is required to achieving higher COP of vapour absorption system. 
 
 
Data Symbol 
Jason 
Wonchala 
GA 
Florides  
Present 
Study 
Input Parameters 
Temp. Of Weak Solution Leaving The Absorber (°C) T4 34.9 34.9 34.9 
Temp. Of H2O Vapour Leaving The Generator  (°C) T7 90 90 90 
Temp. Of H2O Liquid Leaving The Condenser (°C) T8 44.3 44.3 44.3 
Pressure Of H2O Liquid Leaving The Condenser (kPa) P8 9.66 9.66 9.66 
Temp. Of H2O Vapour Leaving The Evaporator (°C) T10 6 6 6 
Temp. Of Strong Solution Leaving The Generator (°C) T1 90 90 90 
Heat Capacity Of VAM Machine (kW) Qevp. 10 10 10 
Efficiency Of Solution Heat Exchanger ƞSHEX 0.522 0.522 0.522 
Results 
Heat Capacity Of Generator (kW) Qgen. 14.2 14.2 14.08 
Heat Capacity Of Condenser (kW) Qcond. 10.69 10.78 10.63 
Heat Capacity Of Absorber (kW) Qabs. 13.51 13.51 13.64 
Pump Work (W) Wpump 0.29 0.29 0.2455 
Coefficient of Performance COP 0.71 0.704 0.7101 
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     Table. 2. First law of thermodynamic validation by comparison between model output and experimental data  
Data Symbol 
Model 
out put 
Experimental 
study 
Input Parameters  
Temp. Of Weak Solution Leaving The Absorber (°C) T4 40 40 
Temp. Of H2O Vapour Leaving The Generator (°C) T7 80 80 
Temp. Of H2O Liquid Leaving The Condenser (°C) T8 40 40 
Pressure Of H2O Liquid Leaving The Condenser (kPa) P8 7.3844 7.2 
Temp. Of H2O Vapour Leaving The Evaporator (°C) T10 13 13 
Temp. Of Strong Solution Leaving The Generator(°C) T1 80 80 
Heat Capacity Of VAM Machine (kW) QEvp. 140 140 
Efficiency Of Solution Heat Exchanger ƞSHEX 0.5 0.5 
Results  
Heat Capacity Of Generator (kW) QGen. 186.90 200.8 
Heat Capacity Of Condenser (kW) QCond 147.02 158.56 
Heat Capacity Of Absorber (kW) QAbs. 181.57 195.84 
Pump Work (kW) Wpump 1.6 2.1 
Coefficient of Performance (COP) COP 0.7491 0.692 
Maximum Reversible Performance ( COP_rev) COP_rev 1.2003 1.2003 
Non- dimensional efficiency ratio (Nex) ηex 62.42% 57.65% 
4. Result and discussion 
The results of the energetic analysis of single stage vapour absorption system are presented in the following for 
cooling capacity 140 kW with different operating conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Effect of generator exit temperature on component’s heat load       Fig. 3. Effect of generator exit temperature on component’s heat load  
                                                                                                                                 with different value of T8, T10=130C and T4= 400C        
Fig. 2. shows the effect of generator exit temperature on the generator heat load and the heat rejection in absorber 
and condenser.  With increases generator exit temperature both absorber and generator heat load decreases gradually 
but total average heat load on generator is 3.18% higher than that of absorber. As the condenser temperature 
increases the whole system gets pressurized & average heat load on generator and absorber rises by 9.38% and 
9.49% respectively when condenser temperature increases from 35 0C to 45 0C. The effect of increase in generator 
exit temperature on refrigerant concentration, circulation ratio and pump work are presented in Fig. 4 & 5. With 
increase in generator exit temperature and constant condenser temperature, there is no effect on the refrigerant mass 
fraction at the inlet of generator and refrigerant mass fraction decreases in the solution coming from generator to 
absorber and hence the LiBr concentration increases. With decrease in refrigerant mass fraction the demand of pump 
work decreases due to reduced circulation ratio. As the system condenser temperature increases from 35 0C to 450C 
the average refrigerant concentration and circulation ratio gets increased by 16% and 51.54% respectively due to 
which demand of pump work is increased by73.4% 
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Fig. 4. Effect of generator exit temperature on refrigerant concentration          Fig. 5. Effect of generator exit temperature on CR and Wpump 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 6. Effect of generator exit temperature on COP, COP_rev &ηex          Fig. 7. Effect of generator exit temperature on COP and ηex with T8 
Fig. 6. Shows the variation of COP, COPrev and non dimensional efficiency ratio with generator exit temperature T7. 
The COP initially gradually increases with low generator exit temperature then becomes stable at high temperature. 
The COP reaches its maximum value of 0.780 at generator exit temperature 95 0C with T10 = 13
0C, T4=T8= 40
0C 
and η SHE= 50%. The COP-rev  linearly increases from 1.0653 to 1.8221 with entire range of generator exit 
temperature but non dimensional efficiency ratio first increases and  reaches its maximum value 0.6250 at          
T7 = 75
0C and then it degrades continuously and finally reduced to 0.426.   
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 8. Effect of evaporator exit temperature on component’s                Fig. 9. Effect of evaporator exit temperature on COP and ηex with T7 
           heat load with different value of T7, T4=38.50C and T8= 400C        
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Fig.7. shows the variation of COP and ηex with generator exit temperature and different values of condenser 
temperature. The average COP value reduces by 8.1 % when condenser temperature is increased from 35 0C to 
450C. The COP decreases as the enthalpy of saturated refrigerant leaving the condenser increases and because of 
higher heat load at generator, higher circulation ratio and higher demand of pump work. As condenser exit 
temperature increases from 35 0C to 45 0C the COPrev linearly decreases with it, which results in hike of non 
dimensional efficiency ratio by 38%. 
 
Fig. 8. shows the effect of evaporator exit temperature on the generator heat load and the heat rejection in absorber 
and condenser.  With increase in evaporator exit temperature both absorber and generator heat load decreases 
gradually but total average heat load on generator gets 2.39 % higher than that of absorber when the generator is 
operated at 80 0C. As the generator exit temperature increases from 80 0C to 1000C the average heat load on 
generator and absorber gets reduced by 21.68% and 22.52% respectively with minor change in the condenser heat 
load.  Fig. 9. shows the variation of COP and non dimensional efficiency ratio with increase in evaporator exit 
temperature T10. The COP gradually increases from 0.2264 to 0.8191 with rise in evaporator exit temperature at 
constant generator exit temperature of 80 0C. But, non dimensional efficiency ratio first reaches its maximum value 
of 0.6337 at T10 = 11
0C then it degrades continuously with higher evaporator temperature and finally gets reduced to 
0.5267. If the system is operated with higher evaporator and  generator exit temperature i.e at T7=100
0C ,the COP 
gets increased by 13.97% as compare with its value at 80 0C due to which 21.68% of reduction is obtained in 
generator heat load as well as 77.17% of reduction in circulation ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 10. Effect of condenser exit temperature on component’s           Fig. 11. Effect of condenser exit temperature on COP and ηex with T7 
           heat load with different value of T7, T4= 400C        
 
Fig. 10. shows the rise in the heat load and circulation ratio in the absorber and generator with respect to the increase 
in the condenser exit temperature and generator exit temperature. When the generator temperature is 900C and 
condenser exit temperature is increased then heat load and circulation ratio rises exponentially. Figure 11 shows that 
COP is higher at lower condenser exit temperature and generator exit temperature. As the condenser and generator 
exit temperature increases COP starts decreasing gradually but at very high condenser exit temperature an 
exponentially fall in the value of COP is obtained due to reduction of strong solution concentration , increase in the 
heat load and circulation ratio at generator and absorber. Non dimensional efficiency ratio first increases linearly 
with increase in the condenser exit temperature and then it starts to fall at the higher condenser exit temperature due 
to the reduction of COP and COP rev. At lower condenser and generator exit temperature the non dimensional 
efficiency ratio is high but it reduces as the condenser exit temperature increases. 
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5. Conclusions : 
The water-lithium bromide absorption cooling system with capacity of 140 kW has been investigated on the basis of 
energetic analysis in the present study. A detailed solution is prepared using MATLAB software and the model is 
validated with data available in the literature survey. It was found in the study that COP increases with increasing 
the generator exit temperature keeping the condenser exit temperature constant but when the condenser exit 
temperature is increased COP tends to decrease. The average COP value reduces by 8.1 % when condenser exit 
temperature is increased from 35 0C to 450C. The COP increases with the increase in the evaporator exit temperature 
as well as generator temperature and the result obtained shows the COP gets increased by 13.97% as compare with 
its value at T7 = 80 
0C due to which 21.68% of reduction is obtained in generator heat load as well as 77.17% of 
reduction in circulation ratio. COP is higher at lower condenser exit temperature and generator exit temperature but 
when the condenser and generator exit temperature increases, COP gradually decreases due to reduction of strong 
solution concentration, increase in the heat load and circulation ratio at generator and absorber. Non dimensional 
efficiency ratio is high at lower condenser and generator exit temperature but as the condenser exit temperature 
increases it starts to decrease because of reduction of COP and COPrev. 
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